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Abstract
Background: The ongoing epidemiological transition in Mexico minimizes the relative impact of neurocysticercosis (NC) on
public health. However, hard data on the disease frequency are not available.
Methodology: All clinical records from patients admitted in the Instituto Nacional de Neurologia y Neurocirugia (INNN) at
Mexico City in 1994 and 2004 were revised. The frequencies of hospitalized NC patients in neurology, neurosurgery and
psychiatry services, as well as NC mortality from 1995 through 2009, were retrieved. Statistical analyses were made to
evaluate possible significant differences in frequencies of NC patients’ admission between 1994 and 2004, and in yearly
frequencies of NC patients’ hospitalization and death between 1995 and 2009.
Principal Findings: NC frequency in INNN is not significantly different in 1994 and 2004. Between these two years, clinical
severity of the cases diminished and the proportion of patients living in Mexico City increased. Yearly frequencies of
hospitalization in neurology and psychiatry services were stable, while frequencies of hospitalization in neurosurgery service
and mortality significantly decreased between 1995 and 2009.
Conclusions: Our findings show a stable tendency of hospital cases during the last decade that should encourage to
redouble efforts to control this ancient disease.
Citation: Fleury A, Moreno Garcı ´a J, Valdez Aguerrebere P, de Sayve Dura ´n M, Becerril Rodrı ´guez P, et al. (2010) Neurocysticercosis, a Persisting Health Problem in
Mexico. PLoS Negl Trop Dis 4(8): e805. doi:10.1371/journal.pntd.0000805
Editor: Patricia P. Wilkins, Center for Disease Control, United States of America
Received April 2, 2010; Accepted July 27, 2010; Published August 24, 2010
Copyright:  2010 Fleury et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
Funding: This study was partly supported by Consejo Nacional de Ciencia y Tecnologia (CONACYT) (http://www.conacyt.mx/), project number 2008-86527. The
funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Competing Interests: The authors have declared that no competing interests exist.
* E-mail: afleury@biomedicas.unam.mx
Introduction
Neurocysticercosis (NC) is a life-threatening and costly parasitic
disease, endemic in most non-developed countries and increasing
in developed world [1–5]. NC real prevalence and incidence are
difficult to assess, as symptoms are highly heterogeneous and its
diagnosis requires neuroradiological studies, not available to all
population at risk. Anyway, some data show the persistence of
active transmission in Mexico. Particularly, a partial report
including only patients hospitalized at INNN, Mexico, showed
no statistically significant decrease of NC frequency between 1995
and 2001 (from 2.4 to 1.8%) [6], transversal surveys in rural
communities indicate the persistence of human NC (preva-
lence.9%) [7,8] and porcine cysticercosis in rural pigs (up to
30%) [9,10]. In spite of these data, the epidemiological transition
occurring in Mexico, with increased diagnosis of metabolic,
neoplastic and degenerative diseases [11], could lead us to
disregard the importance of NC in Mexico [12]. Herein, the
frequency of NC in all patients who attended at INNN in 1994
was compared with that of 2004, and frequencies of hospitalization
and mortality of NC patients in neurology, neurosurgery and
psychiatry services between 1995 and 2009 are presented.
Materials and Methods
This study was performed at the Instituto Nacional de
Neurologı ´a y Neurocirugı ´a (INNN). INNN is a public, third-level
referral center located in Mexico City, where neurological,
neurosurgical and psychiatric patients above 15 years old are
attended. Admission is reserved to patients lacking social security.
To evaluate the evolution of NC burden on INNN, two
approaches were taken. First, all clinical records of patients
admitted at INNN in 1994 (n=4098) and 2004 (n=4706) were
manually, anonymously reviewed. Patients fulfilling criteria of NC
definitive diagnosis based on Del Brutto’s et al. criteria [13] were
selected and their demographical, clinical and radiological
characteristics were obtained. Second, the yearly numbers of
hospitalized NC patients and deaths due to NC at neurology,
neurosurgery and psychiatry services from 1995 to 2009 were
obtained from INNN’s epidemiological service. Frequencies of NC
hospitalized patients and NC mortality with respect to the total
number of hospitalized patients in each service were calculated.
Statistical analysis using SPSS software was completed. Chi-
square test was made to evaluate statistical differences between
proportions and Student t-test between means. 95% confidence
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regression was used to test changes during calendar periods,
considering calendar year as the independent variable.
This study was approved by INNN Institutional Review Board.
Results
Table 1 summarizes the differences in the frequency of NC
cases attended in the INNN in 1994 and 2004. Between the years
1994 and 2004, no significant statistical differences were found
neither in the frequency of NC at INNN (100/4098, 2.4% vs.
120/4706, 2.5%, respectively) nor in patients general profile. Two
significant differences were observed, though: in 2004, the cases
severity (presence of intracranial hypertension) significantly
decreased (P=0.007), and the proportion of patients living in
Mexico City significantly increased (P=0.005).
Figure 1 shows the evolution of NC frequency in hospitalized
patients between 1995 and 2009. In neurosurgery service,
frequencies of hospitalization of NC patients varied between
0.67 and 7.9% with a statistically significant decrease between
these two dates (r=–0.79, P,0.001). In neurology service,
frequencies of hospitalization varied between 3.4 and 10.9%
without any significant temporal trend (r=0.12, P=0.67), while in
psychiatry, only five NC patients were hospitalized during the 15
years under study, with no significant tendency (r=–0.38,
P=0.16). Concerning mortality during this period, 28 NC patients
died at INNN, with a significant decrease in mortality frequency
(r=–0.7, P=0.003).
Discussion
The evident epidemiological transition occurring in Mexico,
with growing incidence of metabolic, neoplastic, and degenerative
diseases [11], sometimes leads us to forget the weight of other
‘‘archaic’’, infectious disorders, linked mainly with poverty. NC is
one of those. Evolution of NC prevalence is not known, as
population-based studies are not available. In the present report,
during the 10-year period studied the frequency of NC showed no
significant decrease in INNN, the most active neurological center
in Mexico. However, some significant changes did occur. The
proportion of NC patients from Mexico City increased, possibly
due to rural population’s migration. The acquisition of comput-
erized tomography, between 1994 and 2004, by most of the public
hospitals in States neighboring Mexico City may also have resulted
in more frequent local NC diagnosis than before and in lessening
their attendance to INNN. The only optimistic change detected in
this study was the significant decrease in the severity of NC, a
change that could be related with its earlier diagnosis. These
results were confirmed when only hospitalized patients were
considered between 1995 and 2009: the frequency of hospitalized
patients in neurology was stable, while NC frequency in
neurosurgery service, as well as NC mortality, decreased.
These data strengthen the notion of persistent active transmis-
sion, in agreement with the high prevalence of pig cysticercosis
(13.3%) reported in recent epidemiological studies performed in
rural areas of Mexico [14]. The latter is the most appropriate
indicator to demonstrate active transmission, since 80% of pigs in
rural communities are consumed before they are one-year-old
[10]. In rural areas, the high prevalence of pig cysticercosis is
accompanied by a high frequency of human calcified neurocys-
ticercosis cases and an extremely low frequency of vesicular
cysticerci [8,15]. These disproportions between calcified and
vesicular cysticerci in human NC indicate that in most cases the
parasite is destroyed. On the other hand, the stability of NC
frequency in INNN also indicate that, despite this fact, the parasite
(vesicular or calcified) still causes symptoms in an important
number of infected subjects, resulting in around 2.4% of
consultations in INNN are due to NC.
This study demonstrates that NC is still a health problem of
Mexico. It is important to note that INNN and Mexico City does
not properly represent the whole country. However, the stability of
Author Summary
Human neurocysticercosis is a severe parasitic disease
caused by the installation of Taenia solium larvae in the
central nervous system. Neurocysticercosis is still deeply
rooted in Latin-America, Africa and Asia, where it
develops its complete life cycle promoted by poor
sanitary conditions. It is also emerging in developed
countries due to human migration. Although hard data
on the evolution of the disease incidence in endemic
countries are lacking, its presence is being obscured by
the growth of degenerative and metabolic diseases,
creating the illusion of having disappeared. In this article,
we show that neurocysticercosis frequency has not
significantly changed between 1994 and 2009 among
patients attending the Instituto Nacional de Neurologı ´ay
Neurocirugı ´a, Mexico City, the principal Mexican neuro-
logical center. We also show that clinical severity of the
cases diminished during this period, associated with the
higher proportion of neurocysticercotic patients from
Mexico City rather than from the states, where local
neurological facilities have improved. These results show
that neurocysticercosis is still relevant in Me ´xico, and
that more effective efforts should be put toward its
eradication.
Table 1. Clinical features of NC patients in 1994 and 2004.
1994 2004 P
NC frequency 2.4 (2.0–2.9) 2.5 (2.1–3.0) 0.74
Age (years)
{ 38.1 (35.5–40.8) 38.8 (36.2–41.5) 0.72
Sex (% Male) 53 (42.7–63.1) 51.7 (42.4–60.9) 0.84
City of origin (% Mexico City) 20 (0.13–0.29) 37.5 (0.29–0.47) 0.005
Symptoms at diagnosis
Headache 12 (6.3–20) 18.3 (11.8–26.4) 0.2
Seizures 36 (26.6–46.2) 35.8 (27.2–45.0) 0.98
Intracranial hypertension 45 (35.1–55.3) 27.5 (19.7–36.4) 0.007
Radiological picture*
Parasite viability (% viable) 56.7 (46.2–66.7) 59.6 (50.1–68.7) 0.66
number (% multiple) 58.8 (48.3–68.7) 63.2 (53.6–72.0) 0.51
localization (% SAb or V) 55.7 (45.2–65.8) 45.6 (36.3–55.2) 0.14
Cellularity of CSF (cells/mm
3)
{,***
24.5 (12.1–36.9) 26.5 (16.4–36.5) 0.80
All values are proportions and expressed as percentages, unless designated as a
mean(
{). 95% confidence intervals are presented in parentheses.
*9 patients did not harbor a cysticercus at the time of diagnosis in INNN, some
of them only showed arachnoiditis and others had been treated before in
other hospitals.
**SAb: SubArachnoidal space of the base of the skull/V: Ventricular/P:
Parenchymal/Sas: SubArachnoidal space of the sulci.
***Lumbar puncture was performed at time of diagnosis in only 79 NCC
patients in 1994, and in 79 patients in 2004.
doi:10.1371/journal.pntd.0000805.t001
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tion rate in the INNN neurology service must alert medical
practitioners and health authorities on the persistence of
unresolved health problems related with poverty. Efforts should
be encouraged to apply effective measures for their eradication.
Acknowledgments
Juan Francisco Rodriguez corrected the English version of the final
manuscript.
Author Contributions
Conceived and designed the experiments: AF CL ES. Performed the
experiments: AF JMG PVA MDSD PBR. Analyzed the data: AF JMG
PVA MDSD PBR. Wrote the paper: AF CL ES.
References
1. Garcı ´a HH, Gonzalez AE, Evans CA, Gilman RH, Cysticercosis Working
Group in Peru (2003) Taenia solium cysticercosis. Lancet 362: 547–556.
2. Wallin MT, Kurtzke JF (2004) Neurocysticercosis in the United States: review of
an important emerging infection. Neurology 63: 1559–1564.
3. Prasad KN, Prasad A, Verma A, Singh AK (2008) Human cysticercosis and
Indian scenario: a review. Journal of Biosciences 33: 571–582.
4. Esquivel A, Diaz-Otero F, Gimenez-Roldan S (2005) Growing frequency of
neurocysticercosis in Madrid (Spain). Neurologia 20: 116–120.
5. Phiri IK, Ngowi H, Afonso S, Matenga E, Boa M, et al. (2003) The
emergence of Taenia solium cysticercosis in Eastern and Southern Africa
as a serious agricultural problem and public health risk. Acta Tropica 87:
13–23.
6. Jimenez-Marcial ME, Velasquez-Perez L (2004) Morbility at the Instituto
Nacional de Neurologia y Neurocirugia Manuel Velasco Suarez, 1995-2001.
Gaceta me ´dica de Me ´xico 140: 155–162.
7. Fleury A, Go ´mez T, Alvarez I, Meza D, Huerta M, et al. (2003) High prevalence
of calcified silent neurocysticercosis in a rural village of Mexico. Neuroepide-
miology 22: 139–45.
8. Fleury A, Morales J, Bobes RJ, Dumas M, Ya ´nez O, et al. (2006) An
Epidemiological study of familial neurocysticercosis in an endemic Mexican
community. Trans R Soc Trop Med Hyg 100: 551–558.
9. Morales J, Velasco T, Tovar V, Fragoso G, Fleury A, et al. (2002) Castration
and pregnancy of rural pigs significantly increase the prevalence of naturally
acquired Taenia solium cysticercosis. Vet Parasitol 108: 41–48.
10. Morales J, Martı ´nez JJ, Garcı ´a-Castella J, Pen ˜a, N, Maza V, et al. (2006) Taenia
solium: the complex interactions of biological, social, geographical and
commercial factors, involved in the transmission dynamics of pig cysticercosis
in highly endemic areas. Ann Trop Med Parasitol 100: 123–135.
11. Stevens G, Dias RH, Thomas KJ, Rivera JA, Carvalho N, et al. (2008)
Characterizing the epidemiological transition in Mexico: national and
subnational burden of diseases, injuries, and risk factors. PLoS Medicine 5: e125.
12. Flisser A, Narro J, Calderon J, Martı ´nez G (2007) A national Model for the control
of a parasitic disease: Human cysticercosis in Me ´xico. Abstract, From Alaska to
Chiapas: The first North American Parasitology Congress, Merida, Me ´xico, pp 55.
13. Del Brutto OH, Rajshekhar V, White AC, Jr., Tsang VC, Nash TE, et al. (2001)
Proposed diagnostic criteria for neurocysticercosis. Neurology 57: 177–183.
14. Morales J, Martı ´nez JJ, Rosetti M, Fleury A, Maza V, et al. (2008) Spatial
distribution of Taenia solium porcine cysticercosis within a rural area of Mexico.
PLoS Negl Trop Dis 2: e284.
15. Sciutto E, Chavarria A, Fragoso G, Fleury A, Larralde C (2007) The immune
response in Taenia solium cysticercosis: protection and injury. Parasite Immunol
29(12): 621–36.
Figure 1. Annual frequencies of hospitalized NC patients (INNN, 1995–2009).
doi:10.1371/journal.pntd.0000805.g001
Neurocysticercosis in Mexico
www.plosntds.org 3 August 2010 | Volume 4 | Issue 8 | e805